Association between commensal bacteria and opportunistic pathogens in the dental plaque of elderly individuals  by Tada, A. et al.
ORIGINAL ARTICLE 10.1111/j.1469-0691.2006.01497.x
Association between commensal bacteria and opportunistic pathogens in
the dental plaque of elderly individuals
A. Tada1, H. Senpuku2, Y. Motozawa3, A. Yoshihara4, N. Hanada5 and H. Tanzawa3
1Chiba City Health Center, Chiba, 2Department of Bacteriology, National Institute of Infectious
Diseases, Tokyo, 3Department of Clinical Molecular Biology, Graduate School of Chiba University,
Chiba, 4Division of Preventive Dentistry, Department of Oral Health Science, Graduate School of
Medical and Dental Science, Niigata University, Niigata and 5Department of Oral Health, National
Institute of Public Health, Saitama, Japan
ABSTRACT
Opportunistic infections in the oral cavity of the elderly may increase the incidence of systemic disease.
The objective of this study was to investigate the differences in the oral bacterial flora between
dependent elderly (inpatients) and independent elderly (community-dwelling residents). After multiple
variables were taken into account, inpatients had significantly lower detection rates than community-
dwelling residents for a-streptococci (p < 0.001) and Neisseria (p 0.004), and higher detection rates for
Pseudomonas aeruginosa (p 0.024), methicillin-resistant Staphylococcus aureus (MRSA) (p 0.011) and
Actinomyces spp. (p 0.005). Among inpatients, the requirement for a high degree of care was related
negatively to detection of a-streptococci, but was related significantly to detection of P. aeruginosa
(p 0.018) or MRSA (p 0.004). Tube-fed inpatients had a significantly lower detection rate for a-
streptococci (p 0.041) and a higher detection rate for P. aeruginosa (p 0.004) than those who did not
require tube feeding. Inpatients with a history of antibiotic use had a significantly lower detection rate
for a-streptococci (p 0.049) and a higher detection rate for MRSA (p 0.007) than those without a history
of antibiotic use. The detection rates for P. aeruginosa or MRSA in inpatients without a-streptococci were
higher than in inpatients with a-streptococci after controlling for age and gender (P. aeruginosa, p 0.006;
MRSA, p 0.001). Overall, detection of a-streptococci had an inverse correlation with the detection of
P. aeruginosa and MRSA in the oral cavity and is likely to be an indicator of pathogenic bacterial
infection.
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INTRODUCTION
The oral hygiene of elderly individuals, partic-
ularly those confined to bed, is often poor [1],
which promotes the formation of dental plaque
containing opportunistic pathogens [1–3]. This
may result, in part, from the known decrease in
immune function associated with ageing. Saltz-
man and Peterson [4] reported that changes in the
oral bacterial flora occur in individuals aged
> 70 years, leading to opportunistic infections
associated with a decrease in immune function.
Furthermore, opportunistic bacterial pathogens
have been isolated from dental plaque of the
elderly [5–9]. As microorganisms that inhabit
biofilms form sessile communities and are resist-
ant to antimicrobial agents, they can cause
persistent and chronic infections [10]. Bacterial
plaque formed on tooth and denture surfaces is
thought to play a role in many diseases, partic-
ularly aspiration pneumonia and septicaemia
[10].
The relationship between general health and
bacterial species isolated from dental plaque of
the elderly has been studied previously. In the
functionally dependent elderly, those who
required tube feeding had significantly higher
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detection rates for Pseudomonas aeruginosa than
those who did not receive such care [6]. In
addition, a low serum albumin level was a risk-
factor for detection of methicillin-resistant Sta-
phyloccocus aureus (MRSA) in the oral cavity of
elderly patients confined to bed [7], and several
pathogenic microorganisms were isolated at sig-
nificantly higher frequencies from functionally
dependent elderly patients with heart disease
than from similar individuals without heart
disease [8].
In the oral cavity, many bacterial species
constitute the normal oral flora. Decreased immu-
nity and administration of antibiotics cause chan-
ges in the composition of the bacterial flora
[11,12]. It is also reasonable to propose that the
composition of the normal oral flora might be
altered by oral opportunistic infections. The aim
of the present study was to investigate the
relationship between the presence of commensal
bacterial species and the incidence of pathogenic




All subjects were Japanese individuals aged > 60 years; 49
inpatients (20 males and 29 females, mean age 75.1 years) who
had been hospitalised for > 3 months in two hospitals in Chiba
City, Japan, were classed as dependent elderly, and 108
community-dwelling Japanese individuals living independ-
ently in Niigata City (64 males and 44 females, mean age
74.5 years) were classed as independent elderly. The purpose
of this study was explained to the community-dwelling
residents and the inpatients and ⁄or inpatients’ families before
the study began, and verbal consent was obtained.
The inpatients had chronic diseases (cerebral vessel disease
21; cardiac disease 3; diabetic mellitus 5; cancer 1). Table 1
provides information on the degree of care necessary for daily
activities, mode of nutritional intake and history of antibiotic
administration. ‘Degree of care necessary’ refers to the help
needed in daily life for activities such as eating, bathing,
excretion or movement. No long-term antibiotic therapy was
administered during the 3-month study period, and none of
these inpatients suffered from severe infections. The percent-
age of subjects who retained their own teeth was 81.5%
(community-dwelling residents 90.7%; inpatients 61.2%).
Bacterial detection
Samples were taken from dental plaque on the upper molars
or upper molar portions of dentures. Plaque samples were
taken by swabbing the tooth surface five times; the swabs were
then placed in transport fluid (agar 0.4% w ⁄v, thioglyco-
late ⁄phosphate 0.15% w ⁄v buffered saline) and taken to the
laboratory for analysis. Growth and identification of bacterial
species were performed under both aerobic and anaerobic
growth conditions (see below). The detection limit for each
genus and species was 103 CFU ⁄mL. Oral commensal bacteria
and anaerobic bacteria that are not known to be pathogens
were identified to the genus level according to current
knowledge.
Aerobic conditions. Each sample was inoculated directly on
chocolate agar, OPA staphylococcus agar, and Drigalski agar
plates (Nippon Becton Dickinson Co., Tokyo, Japan). The
plates were incubated in an atmosphere of CO2 5% v ⁄v in O2
at 37C for 24–48 h. Representative microbial colonies from
each plate were examined following Gram’s stain, and were
identified initially on the basis of their appearance and their
haemolytic, catalase and oxidase reactions [13]. Colonies of
species found in a majority of the subjects were suspended in
1 mL of saline 0.5% w ⁄v and gently shaken to provide a
suspension for further identification to the species level.
Methicillin-sensitive S. aureus and MRSA were identified by
PS latex and rabbit plasma tests, and on MRSA screening
plates (Nippon Becton Dickinson); Pseudomonas spp. were
identified by VITEK (bioMe´rieux, Tokyo, Japan); and Haemo-
philus influenzae was identified on an Haemophilus ID4 plate
(Nippon Becton Dickinson).
Anaerobic conditions. Each sample was poured directly on
Brucella HK blood agar plates (Kyokuto Seiyaku, Tokyo,
Japan) and incubated for 48–72 h under anaerobic conditions
using the Gas Pack system. Representative colonies from each
plate were examined following Gram’s stain and identified
by the RapID ANA system (Innovative Diagnosis System,
Norcross, GA, USA). Each colony was suspended in a
solution containing KCl 0.6% w ⁄v, CaCl2 0.05% w ⁄v, and
0.16 mM NaOH, and then inoculated into media containing
the following: (1) urea 0.4% w ⁄v; (2) p-nitrophenyl-b 0.1%
w ⁄v, D-disaccharide; (3) p-nitrophenyl-a, L-arabinoside 0.1%
w ⁄v; (4) p-nitrophenyl-b, D-galactoside 0.1% w ⁄v; (5) 0.1% p-
nitrophenyl-a, D-glucoside 0.1% w ⁄v; (6) p-nitrophenyl-b, D-
glucoside 0.08% w ⁄v; (7) p-nitrophenyl-a, D-galactoside 0.08%
w ⁄v; (8) p-nitrophenyl-a, L-fucoside 0.08% w ⁄v; (9) p-nitro-
phenyl-n-acetyl-b, D-glucosaminide 0.1% w ⁄v; and (10) p-
nitrophenyl-phosphate 0.1% w ⁄v. Incubation was in an
atmosphere containing CO2 5% v ⁄v in N2 at 37C for 4–6 h
(primary test). As a secondary test, 3-phenylmethylaminoac-
rolein 0.01% w ⁄v, hydrochloric acid 0.1% v ⁄v and acetic acid
1.0% v ⁄v were added to reaction mixtures (3)–(9) and
INNOVA indole to reaction mixture (10).
Table 1. General health status of inpatients (n = 49) inclu-
ded in the study
No. (%)




Mode of nutritional intake
Oral feeding 45 (91.8)
Tube feeding 4 (8.2)
History of antibiotic use
None 39 (79.6)
Current or previous 10 (20.4)
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Statistical analysis
The relationships between the functional status of individual
subjects and the bacterial species detected, as well as between
pathogenic and commensal bacterial species detected, were
analysed with the chi-square test. Logistic regression models
and a multiple linear regression model were used to clarify the
factors contributing to the detection of each bacterial species.
The dependent variables were the detection of each bacterial
species (no detection vs. detection), and the independent
variables used in the analysis were gender, age (60–
79 ⁄ 80+ years), functional status (independent ⁄dependent),
and dental status (with ⁄without own teeth). Differences in
the risk for detection of pathogenic bacterial species belonging
to the two a-streptococci detection groups were adjusted for
age and gender by logistic regression analysis and multiple
regression analysis, with p < 0.05 considered to be statistically
significant in all analyses. SPSS for Windows V v.10.0 (SPSS
Inc., Chicago, IL, USA) was used for all statistical analyses.
RESULTS
The detection rate for each bacterial species is
shown in Table 2. Under aerobic conditions, the
detection rates for commensal bacteria (a-strepto-
cocci, Neisseria) in inpatients were significantly
lower than in residents in the community. Patho-
genic bacterial species were found in 0–6% of the
community residents, compared with 4–12% of
the inpatients. The detection rates for three
bacterial species, namely P. aeruginosa, Klebsiella
pneumoniae and MRSA, were significantly higher
among inpatients than among community resi-
dents. Under anaerobic conditions, Capnocytoph-
aga spp. and Prevotella melaninogenicus were
detected among c. 70–80% of both inpatients
and community residents. The detection rate for
Actinomyces spp. among inpatients was four-fold
higher than among community residents. Bacter-
oides spp. were detected rarely in either group.
Fusobacterium nucleatum was detected in c. 20% of
the subjects.
Table 3 shows the results of logistic regres-
sion analysis and a multiple regression analysis
of multiple risk-factors associated with the
detection of pathogenic bacteria. The ORs and
95% CIs were calculated according to the func-
tional status of the subjects. The ORs for
detection of a-streptococci and Neisseria among
inpatients were lower than among community
residents. An elevated risk for detection of
P. aeruginosa (p 0.024), MRSA (p 0.011) and Act-
inomyces spp. (p 0.002) among inpatients was
observed compared with community residents
after controlling for gender and age. No statis-
tically significant difference was observed with
respect to the other bacterial species identified
(data not shown).
The detection rates for a-streptococci, Neisseria,
P. aeruginosa, K. pneumoniae, MRSA and Actino-
myces spp. according to general health status in
inpatients are shown in Table 4. In subjects whose
general health status was poor (based on the level
of care required, nutritional factors and adminis-
tration of antibiotics), there was a tendency
toward a lower detection rate for commensal
bacteria and a higher detection rate for patho-
genic bacterial species. A need for care was
related significantly to the detection of P. aerugi-
nosa and MRSA. Subjects who were tube-fed had
a significantly lower detection rate for a-strepto-
cocci and a higher detection rate for P. aeruginosa
compared with inpatients who received nutrition
orally. The MRSA detection rate was higher for
inpatients with a history of antibiotic use. The
detection rate for Neisseria among inpatients who
required complete care or who were tube-fed was
lowest in each respective category, but no signi-
ficant differences were observed. Detection of
K. pneumoniae or Actinomyces spp. was not related
to any of the health indicators of inpatients.
The relationship between the detection of
commensal bacterial species (a-streptococci and
Neisseria) and the detection of pathogenic bacter-
ial species (P. aeruginosa and MRSA) was investi-
Table 2. Number (%) of patients from whom each bac-





(n = 49) p valueb
(1) Aerobic growth conditions
Commensal bacteria
a-Streptococci 106 (98.1) 37 (75.5) 0.000
Neisseria spp. 72 (66.7) 21 (42.9) 0.004
Pathogenic bacteria
Pseudomonas aeruginosa 1 (0.9) 6 (12.2) 0.004
Klebsiella pneumoniae 3 (2.8) 6 (12.2)) 0.027
Klebsiella oxytoca 4 (3.7) 2 (4.1) 0.609
Enterococcus cloacae 6 (5.6) 3 (6.1) 0.573
Stenotrophomonas maltophilia 0 (0) 2 (4.1) 0.097
Streptococcus agalactiae 1 (0.9) 2 (4.1) 0.230
MRSA 0 (0) 3 (6.1) 0.007
(2) Anaerobic growth conditions
Capnocytophaga spp. 79 (80.6) 22 (73.3) 0.269
Actinomyces spp. 5 (5.1) 7 (23.3) 0.007
Prevotella melaninogenicus 70 (71.4) 20 (66.7) 0.387
Prevotella corporis 28 (28.6) 5 (16.7) 0.142
Bacteroides capillosus 0 (0) 1 (3.3) 0.234
Bacteroides fragilis 1 (1.0) 1 (3.3) 0.415
Fusobacterium nucleatum 21 (21.4) 8 (26.7) 0.355
aOnly bacterial species that were detected in inpatients are listed.
bAnalysed by chi-square test.
MRSA, methicillin-resistant Staphylococcus aureus.
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gated in inpatients (Table 5). The detection rate
for a-streptococci among inpatients with P. aeru-
ginosa was significantly lower than among inpa-
tients without P. aeruginosa. Similarly, inpatients
with MRSA had a significantly lower detection
rate for a-streptococci than did inpatients without
MRSA. Detection of Neisseria was not related
significantly to the detection of pathogenic bac-
terial species. After controlling for age and gen-
der, inpatients without a-streptococci had a
significantly higher risk for P. aeruginosa or MRSA
detection than inpatients with a-streptococci
(Table 6).
DISCUSSION
Inpatients had a significantly lower detection rate
for a-streptococci and a higher detection rate for
P. aeruginosa and MRSA than did community
residents. The detection rates for P. aeruginosa
and MRSA in inpatients with a-streptococci were
lower than those in inpatients without a-strepto-
Table 3. Multivariate analysis of potential risk-factors for detection of bacteria in the study populationa
a-Streptococci Neisseria Pseudomonas aeruginosa Klebsiella pneumoniae MRSA Actinomyces
Gender
Female vs. male 1.572 (0.440–5.620) 1.432 (0.724–2.831) 2.294 (0.395–13.330) 0.506 (0.104–2.470) 0.020 1.031 (0.351–3.023)
Age group (years)
80+ vs. 60–79 2.241 (0.437–11.488) 1.375 (0.400–4.724) 0.718 (0.099–5.200) 10.569 (1.273–87.725) ) 0.033 0.826 (0.183–3.730)
Level of care
Dependent vs. independent 0.053b (0.010–0.274) 0.331c (0.141–0.774) 16.304d (1.799–155.574) 3.081 (0. 481–19.728) 0.226d 5.066c (1.527–16.811)
Dental state
Dentures vs. own teeth 0.553 (0.133–2.292) 0.777 (0.307–1.962) 0.732 (0.107–4.999) 0.102 (0.009–1.161) ) 0.014 0.879 (0.237–3.265)
aFor bacterial species except MRSA, ORs and 95% CIs derived from multiple logistic regression analysis including all variables in the models are shown. Statistical analysis for
MRSA detection was limited to linear regression analysis, as MRSA was not detected in independent subjects; thus correlation coefficients are presented.
bp < 0.001; cp < 0.01; dp < 0.05.






Degree of care necessary for daily activities
None (n = 9) 9 (100) 4 (44.4) 0 (0)a 1 (11.1) 0 (0)b 1 (11.1)
Partial (n = 29) 22 (75.9) 15 (51.7) 2 (6.9) 4 (13.8) 0 (0) 8 (27.6)
Complete (n = 11) 6 (54.5) 2 (18.2) 4 (36.4) 1 (9.1) 3 (27.2) 2 (18.2)
Mode of nutritional intake
Oral feeding (n = 45) 36 (80.0)a 21 (46.7) 3 (6.7)b 6 (13.3) 2 (4.4) 10 (22.2)
Tube feeding (n = 4) 1 (25.0) 0 (0) 3 (75.0) 0 (0) 1 (25.0) 1 (25.0)
History of antibiotic use
None (n = 39) 32 (82.1) 17 (43.6) 4 (10.2) 6 (15.4) 0 (0)b 8 (20.5)
Current or previous (n = 10) 5 (50) 4 (40) 2 (10.0) 0 (0) 3 (30.0) 3 (30.0)
ap < 0.05; bp < 0.01
MRSA, methicillin-resistant Staphylococcus aureus.
Table 5. Relationship between the detection of pathogenic
bacterial species and the detection of non-pathogenic
bacterial species among inpatients
a-Streptococci Neisseria
No. of
patients (%) p value
No. of
patients (%) p value
Pseudomonas aeruginosa 0.002 0.175
Detected (n = 6) 1 (16.7) 1 (16.7)
Not detected (n = 43) 36 (83.7) 20 (46.5)
MRSA 0.012 0.178
Detected (n = 3) 0 (0) 0 (0)
Not detected (n = 46) 37 (80.4) 21 (45.7)
MRSA, methicillin-resistant Staphylococcus aureus.
Table 6. Multivariate analysis of potential factors for
detection of pathogenic bacteria among inpatients
(1) Pseudomonas aeruginosa
OR (95% CI) p value
Gender
Female vs. male 1.3 (0.1–11.2) 0.823
Age group
80+ vs. 60–79 years 0.6 (0.1–11.2) 0.608
a-Streptococci detection
Not detected vs. detected 26.3 (2.6–267.2) 0.006
(2) Methicillin-resistant Staphylococcus aureus (MRSA)a
b t p value
Gender 0.056 0.002 0.690
Age group ) 0.170 ) 1.215 0.231
a-Streptococci detection 0.461 3.489 0.001
aStatistical analysis of MRSA detection was limited to linear regression analysis, as
MRSA was not detected in subjects who had a detectable level of a-streptococci in
the oral cavity.
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cocci. Furthermore, all inpatients (12 ⁄ 12) without
a-streptococci yielded pathogenic bacteria under
aerobic culture conditions, compared with only 19
of 37 inpatients with a-streptococci. Streptococci
form one of the major groups of commensal
bacteria in the oral cavity, making up the greater
part of the dental plaque flora [14], and can be
detected in the oral cavity of almost all individ-
uals. It has been reported that some a-streptococci
produce bacteriocins and H2O2, which can inhibit
the growth of bacteria associated transiently with
the oral cavity [15–18]. Therefore, this group of
commensal bacteria may contribute to the main-
tenance of the normal oral bacterial flora. The
finding that inpatients without a-streptococci had
a higher rate of previous antibiotic administration
reflected the fact that broad-spectrum antibiotics
have an antibacterial effect on a-streptococci.
In healthy individuals, a-streptococci are
dominant species that may grow better than
opportunistic bacterial species, including P. aeru-
ginosa and MRSA, in the oral cavity. The detection
rates for P. aeruginosa and MRSA in the oral cavity
of inpatients were higher than those in commu-
nity residents. Inpatients who needed extensive
care, who were tube-fed, or who had a history of
antibiotic use, had higher detection rates for
P. aeruginosa and MRSA than did their counter-
parts. There is a possibility that the immune
function may have deteriorated in subjects who
were tube-fed or required a higher level of care.
It has been reported previously that inpatients
with tube feeding have significantly higher detec-
tion rates for P. aeruginosa in the oral cavity than
those without tube feeding [6], and this finding
supports the results obtained in the present study.
P. aeruginosa is more capable of forming biofilms
than other bacterial species [10,19,20], and forms
biofilms easily on plastic tubes [21,22]. This may
result in an increase in the incidence of colonisa-
tion by P. aeruginosa among inpatients with tube
feeding.
All inpatients who yielded MRSA had a previ-
ous history of antibiotic use. It is thought that
MRSA could grow readily in these patients
because other bacterial species were suppressed
by antibiotic treatment. Although there have been
previous reports of an increased incidence of
opportunistic pathogens in the oral cavities of the
elderly [23–25], the mechanisms responsible for
these phenomena have not been elucidated. The
results of the present study suggest that a
decrease in commensal bacterial species is asso-
ciated with increased detection of opportunistic
bacterial species in the oral cavity.
Colonisation of the oral cavity by pathogenic
bacterial species may be a precursor of various
diseases in other organs. It has been suggested
that oral bacteria cause aspiration pneumonia
[3,26], and Gosney et al. [27] reported that a
patient with oral colonisation by P. aeruginosa
developed septicaemia caused by an identical
strain of this organism. Gingival bleeding result-
ing from periodontal disease increases the risk of
bacterial entry into the bloodstream. Pathogenic
bacterial species in the oral cavity create a risk for
the development of systemic disease in elderly
patients confined to bed. Therefore, oral care in
the elderly to avoid colonisation by pathogenic
bacteria should form a significant part of their
overall care.
In conclusion, the present study showed that
inpatients without a-streptococci had a higher
risk for detection of opportunistic bacteria in
dental plaque compared with those from whom
a-streptococci were isolated. Oral samples can be
obtained easily and, in the present study, the
results of bacterial examination by culture meth-
ods were obtained within 1 week. It is suggested
that the growth of a-streptococci is associated
inversely with the carriage of pathogenic bacterial
species in the oral cavity. The association of a-
streptococci with health has not yet been studied
thoroughly. The present study provides new
information concerning the potential role of com-
mensal bacterial species in preventing infection
by pathogenic bacteria. To obtain more precise
data, an analysis of the relationship between the
growth of a-streptococci and pathogenic bacterial
species in the oral cavity will be required.
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